individual chromosomes, or more likely due to individual chromosomes being aneuploid. 1 We assigned the presence of aneuploidies in each strain by examining coverage for 1kb 2 non-overlapping windows across all 16 S.cer chromosomes. 53 of 145 strains (36%) were 3 observed to contain aneuploidies, a number nearly 5 times higher than the 7.5% 4 previously observed in newly isolated segregants (Strope et al. 2015) . Some 5 chromosomes were more often observed in an aneuploid state than others, possibly 6 correlated with chromosomal size ( Figure 5) . The most commonly observed whole 7 chromosomal aneuploidy was chromosome IX, with 22 observed events across all strains, 8 as compared to the 1-13 events observed in all other chromosomes. When the rate of 9 observed aneuploidies was compared between strains with ploidy states that are thought 1 0 to be more stable (haploids and diploids) and strains with ploidy states that are thought to 1 1 be unstable (>= 3n), there was a significantly higher aneuploidy rate in the latter (1n/2n -1 2 27.3%, >=3n -56.5%, Fisher's exact test p = 0.0009). There were also 35 instances of 1 3 inconsistencies within a chromosome due to a partial chromosomal copy number change 1 4 ( Figure 6 ). Partial chromosomal copy number changes were most often seen in 1 5 chromosomes III and VII. There appeared to be no correlation with chromosomal size 1 6 ( Figure 5 ).
7
Combined information from SNP frequency distributions and aneuploidy calls 1 8
suggested that multiple chromosomal scale copy number events may be present in some 1 9 strains. One diploid strain YJM1098 appeared to have a 3n aneuploid chromosome XII, 2 0 but SNP frequencies also suggested that chromosome VIII has been recently 2 1 homozygozed ( Figure 7) . Another triploid strain, YJM466, had four chromosomal copies 2 2 of both chromosome VI and IX, but chromosome VI showed SNP a frequency 1 5 distribution of a tetraploid, while chromosome IX showed that of a diploid (Figure 8 ). 1 YJM525, YJM674, YJM810, YJM811, YJM813, and YJM815 also showed such 2 indications of multiple events. whereas 32/109 (29%) of all other strains were (Fisher's exact test p=1.3e -04 ).
3
We thus investigated if there were any mutations that might explain the high 1 4 levels of aneuploidy (and ploidy) observed in this particular lineage. Hundreds of genes 1 5 have been associated with genomic stability and faithful replication and segregation 1 6 during the cell cycle (Ouspenski et al. 1999; Stirling et al. 2011; Cheng et al. 2012) . In 1 7 particular, a number of genes involved in sister chromatid separation and segregation in 1 8 yeast have been well studied and characterized. We focused on the genes encoding the 1 9 kinetochore proteins NDC10 (CBF2), BIR1, NDC80 (YIL144W), CEP3, and the that are likely to affect the function of these genes (Methods).
6
Most of these genes are essential and had very few damaging mutations in the 1 strains sampled (BIR1: 0 strains, CEP3: 3 strains, SMT3: 1 strain, CSE4: 4 strains).
2
However, a much larger number of strains carried copies of damaging mutations in 3 NDC80 (41 strains), IPL1 (57 strains), and NDC10 (27 strains). Of these, one particular 4 proline to glutamine mutation in NDC80 at ChrIX:78597, mostly in the heterozygous 5 form, was only found in the baker/commercial lineage, affected 32/36 strains, and may be 6 part of the explanation for the high rate of aberrant chromosomal copies observed in this 7 clade. Additionally, all 36 baker/commercial lineage strains contained damaging 8 mutations in either NDC80 (89%) or IPL1 (89%), with half also carrying affected copies 9 of NDC10 (54%). These numbers are significantly different from strains outside the 1 0 lineage, where only 29/98 strains carried any damaging mutations in these genes, and the 1 1 relative frequencies are just 7% in NDC80 (Fisher's exact test p=2.2e -16 ), 26% in IPL1 1 2 (p=4.5e -11 ), and 10% in NDC10 (p=0.035). Strikingly, almost all other damaging 1 3 mutations in NDC80 found outside of the baker/commercial lineage were in polyploid 1 4 strains, with just two exceptions in two closely related segregant strains that shared a 1 5 unique mutation not found in any other strain. number changes that may be adaptive in all clinical strains, we investigated recent gene 1 9 losses and gains for verified genes in the 145 sequenced clinical strains. Genes lost or 2 0 gained in a few strains may be recent sporadic events, but a common gene loss or gain 2 1 found in most clinical strains could indicate an adaptive advantage.
7
Conservatively, genes were classified as lost only if no reads mapped to any 1 position within the coding sequence of a gene, and the Bonferroni corrected likelihood 2 that a gene of that length is not sequenced given each strains' average genomic coverage 3 was <0.05. 95 genes passed the filter [Table S3 ]. We focused on recent gene losses -4 those found only in <5% (1-7 strains) of the sampled population. The 10 most significant 5 GO terms associated with the 52 deleted genes suggested a depletion of deletion in genes 6 involved in cellular component organization and biogenesis [Table 1 ]. There was 7 enrichment in vitamin B6 related biosynthetic and metabolic pathways, largely due to a 8 four-gene deletion (SNZ2, SN02, SNZ3, SNO3) in one strain from chromosomes VI and 9 XIV. These genes are found in the subtelomeric region, and are known to vary in copy 1 0 number (Stambuk et al., 2009) . Conversely, common gene deletions (7-86 strains) 1 1 showed enrichment in deletion of genes involved in transmembrane glucoside and 1 2 saccharide transporter activities [ Table 1 ].
3
To observe patterns in gene copy number changes that are not deletions, we 1 4 included only the 87 strains with no observed or suspected recent aneuploidies, where 1 5 effects from those events are likely to dominate. 109 genes were significant for 1 6 duplication [ Table S4 ]. Rare duplications (63 genes found in 1-2 strains each) were just 1 7 weakly enriched for thiosulfate sulfurtransferase activity, whereas common duplications 1 8 (45 genes in 3-67 strains each) were enriched for genes in membrane transport [ Table 1 ]. 1 9 119 genes were significant for copy number loss (excluding haploid strains) [ Table S5 ]. Rare losses (35 genes; 1-2 strains each) were depleted for genes involved in organelle 2 1 components, whereas common losses (82 genes; 3-68 strains each) was enriched for 2 2 membrane components [Table 1 ]. Overall, 90/215 genes were members in 2 or more of 1 8 the gene loss, gene copy number gain, and gene copy number loss lists, and likely 1 represent genes that are highly variable in copy number among yeast strains. Another study on Chinese yeast strains found twice the amount of diversity as compared 1 2 to previously surveyed strains, suggesting that Chinese yeasts may be a candidate source To understand what differentiates virulent, commensal, wild, and commercially 'safe' 1 7 strains in S. cerevisiae, it is necessary to understand the genetics of pathogenic yeast 1 8 within this ever-growing context of non-clinical strains.
9
This task is hampered by the fact that a strains' source substrate is a poor 2 0 indication of whether it is truly a virulent, pathogenic clinical strain. The process of 2 1 isolating S. cerevisiae colonies is often heavily biased towards strains that survive well in 2 2 sugar rich conditions, and it is not always clear if S. cerevisiae is the dominant species 1 9 occupying those substrates, or is even particularly well adapted to them (Goddard and 1 Greig 2015). Earlier surveys of the S. cerevisiae population stucture and phenotypic 2 diversity suggested that the shift from non-clinical to clinical yeast occurred multiple 3 times, ruling out a single selective event that would have left clear genetic signatures. non-clinical yeast strains must be sequenced for a comprehensive analysis. Here, we start 1 5 the process by re-sequencing 145 yeast strains, including 132 clinical isolates, from a 1 6 variety of geographical locations and tissue substrates.
7
We find that earlier results hold over this larger set of clinical strains. Neighbor-1 8 joining tree and Structure results both confirm that many clinical isolates are more 1 9 closely related to specific commercial strains instead of each other. We find evidence that 2 0 there were likely independent pathogenic invasions from each of lab, sake, wine, and 2 1 baking yeast strains. Within the rest of the clinical strains, there was no clear segregation 2 2 of substrate tissue or geographical origin, and closely related strains often include isolates 2 3 2 0 from entirely different tissue types and locations. It is possible that some of these strains 1 may have been isolated from different tissues in the same patient, although we do not 2 have access to the clinical data to confirm or refute that. It is also worth noting that due to 3 considerations of comparability across datasets, we only used SNPs found and 4 sufficiently covered in all datasets, which may bias the analysis towards relatively It is undeniable that there is a large environmental shift when yeasts move into a were identified according to an older version 2 of the yeast genome. Only sequenced 2 SNPs from the Liti strains (not those inferred by algorithm) were converted to version 3 3 coordinates using LiftOver scripts from the UCSC genome browser website. SNPs called 4 in both datasets with coverage in at least half of the strains within each dataset, were 5 retained for NJ tree construction. The neighbor-joining tree was constructed using green represent chromosomal copy number in increasing order. showed a copy number increase at chromosomes VI and IX. Chromosome IX showed a 1 5 corresponding shift in SNP allele frequency distribution to that of 4n, but chromosome VI 1 6 showed a shift in SNP allele frequency distribution that resembles 2n. gain, and copy number loss. Figure S1 . Correlation between allele frequencies in non-clinical strains (X-axis) to allele 2 2 frequencies in clinical strains (Y-axis). Figure S2 . Fst values (Y-axis) for alleles across the genome (X-axis). Table S1 . List of all strains included in this study. Table S2 . List of all fragments thought to be introgressed in strains CBS2909 and 1 4 CBS2910, and genes that fall within these regions. Tables S3-S5. List of all genes that showed complete deletion [Table S3 ], copy number 1 7 gain [ Table S4 ], and copy number loss [ Table S5 ]. Leeuwenhoek 90, 221-231. of commercial Saccharomyces cerevisiae strains with pathogenicity-associated phenotypical traits. 
